Abstract In this study, we compare the prevalence of arterial hypertension (HT) in rheumatoid arthritis (RA) and osteoarthritis (OA) patients, exposed to high-and lowgrade chronic inflammation, respectively, to assess the possible association between chronic inflammation and HT. A total of consecutive 627 RA and 352 OA patients were enrolled in this multicentric study. HT was defined as a systolic blood pressure (BP) C 140 and/or diastolic BP C 90 mmHg or current use of any antihypertensive drug. Overweight/obesity was defined as body mass index (BMI) C 25, and patients C65 years were considered elderly. The prevalence of HT was higher in the OA group than in the RA group [73.3 % (95 % CI, 68.4, 77.7) and 59.5 % (95 % CI, 55.6, 68.4) P \ 0.001, respectively]. When the results were adjusted for age and BMI, the HT prevalence was similar in both groups [RA 59 % (95 % CI, 55.1, 63.8) OA 60 % (95 % CI, 58.4, 65.0)]. In both groups, the prevalence of HT was higher in the elderly and those who were overweight than in the younger patients and those with a BMI \ 25. Overweight (BMI C 25) and age C65 were independent predictors of HT in multivariate logistic regression model, which showed no association between HT and the disease (RA or OA). The results indicate a robust association of age and BMI with HT prevalence in both RA and OA. The difference in HT Electronic supplementary material The online version of this article
elderly. The prevalence of HT was higher in the OA group than in the RA group [73.3 % (95 % CI, 68.4, 77.7) and 59.5 % (95 % CI, 55.6, 68.4) P \ 0.001, respectively]. When the results were adjusted for age and BMI, the HT prevalence was similar in both groups [RA 59 % (95 % CI, 55.1, 63.8) OA 60 % (95 % CI, 58.4, 65.0)]. In both groups, the prevalence of HT was higher in the elderly and those who were overweight than in the younger patients and those with a BMI \ 25. Overweight (BMI C 25) and age C65 were independent predictors of HT in multivariate logistic regression model, which showed no association between HT and the disease (RA or OA). The results indicate a robust association of age and BMI with HT prevalence in both RA and OA. The difference in HT
Introduction
Excessive cardiovascular (CV) morbidity and mortality leading to premature death is common in rheumatoid arthritis (RA) patients. The mechanism of this comorbidity is not well understood. Chronic systemic inflammation is thought to have a pivotal role in increased CV disease risk in RA, contributing to vascular damage (endothelial dysfunction, accelerated atherosclerosis and atherosclerotic plaque instability) [1] .
Among the classic CV risk factors, hypertension (HT) has a prominent role in RA patients [1, 2] . An increased prevalence of HT in RA patients was found in a number of studies, but not in all. A 52-73 % prevalence of HT in RA patients was found in the studies with a large number of patients that used the current definition of hypertension [3] . The mechanisms leading to frequent HT in RA patients are not clear; the association is likely due to a complex interplay of various factors, including chronic systemic inflammation [3] . However, the recently published metaanalysis did not show increased HT prevalence in RA [4] .
CV comorbidities, particularly HT, have not been investigated in osteoarthritis (OA) patients as extensively as in RA patients. The prevalence of CV disease in OA was found to be approximately 55 % [5, 6] . The reported prevalence of HT in OA was 40 % in one study [7] and 75 % in another [8] . The studies comparing CV disease risk in RA and OA are rather scarce. The CV disease risk and the presence of CV disease risk factors in OA were found to be lower than [5] or similar [9] to those in RA. The CV disease risk in OA has been attributed to a high prevalence of classic CV disease risk [9] , and in the case of HT to medication, especially the use of nonsteroidal antiinflammatory drugs (NSAIDs) and cyclooxygenase-2 inhibitors [10] .
The aim of this study is a comparison of HT prevalence and disease features in RA and OA patients. A comparison of the two diseases, which are both characterized by a chronic course and painful joint involvement, but with either high (RA) or low (OA) levels of chronic systemic inflammation [11, 12] , may reveal an association between various disease features and HT in conditions that differ in terms of the level of chronic systemic inflammation.
Patients and methods
In order to collect data concerning HT prevalence in RA and OA from all parts of the country, we preformed this multicentric cross-sectional study in collaboration with outpatient rheumatology clinics in regional medical centers of Croatia (Table 1) . A total of 625 RA and 352 OA patients who attended the outpatient clinics from September 1 to December 31, 2009, were consecutively enrolled in the study. The diagnoses of RA and OA (knee, hip and hand) were established by qualified rheumatologists according to the 1987 American College of Rheumatology (ACR) classification criteria for RA [13] and the ACR criteria for OA [14] [15] [16] . The study protocol was approved by the Ethical Committee of the Dubrava University Hospital, Zagreb, the coordinative center of the study, and a written informed consent (according to the Declaration of Helsinki) was obtained from all study participants.
All participants underwent a detailed evaluation guided by a questionnaire administered in all collaborative departments. The evaluation included a detailed medical history, physical examination and the measurement of body height and weight. Patients with ischemic heart disease were not included in the study.
In order to compare the present study with the study [17] , the RA and OA subgroups comprising all 50-70-yearold patients were selected.
Patients C65 years of age were considered elderly. Body mass index (BMI) was calculated according to the standard formula [18] , and patients with BMIs C 25 were qualified as overweight (including obesity). Waist and hip circumferences were measured, and the waist-to-hip ratio (WHR) was calculated [19] .
Pain and the patients' general health (GH) were assessed using the appropriate visual analog scales (VAS). Pain VAS (VASP) ranged from 0 to 10, with 10 being the most intensive pain [20] . General health VAS (VASGH) was part of the DAS28-CRP score [21] . VAS was represented by a 100-mm-long line on which the patients evaluated their own health, with 100 mm representing the best health. RA patient functional status and disease activity were assessed by the Croatian translation of the Health Assessment Questionnaire (HAQ) [22] and by the DAS28-CRP [21] using a DAS calculator [23] , respectively.
All antihypertensive and antirheumatic medications taken by the enrolled patients were recorded in detail (indications, dose and duration of treatment).
Blood pressure (BP) was measured after a 5-min rest in a sitting position on the right arm with a mercury sphygmomanometer and a standard cuff. The recorded BP value for each patient was the mean of three subsequent measurements at 5-min intervals. HA was defined according to the European Society of Hypertension and the European Society of Cardiology 2007 guidelines with BP C 140 mmHg and/or diastolic BP C 90 mmHg [18] or any BP with antihypertensive treatment. Newly discovered HT was defined as actual HT without HT history and was expressed as the prevalence and the fraction of actual HT. Uncontrolled HT was defined as HT on hypertensive therapy having BP with HT values.
Venous blood samples were collected for laboratory investigations after overnight fasting. The following tests were performed in the laboratories of the collaborative hospitals: erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), total cholesterol (Chol), high-density lipoproteins (HDL), low-density lipoproteins (LDL), triglycerides (TG), creatinine and plasma glucose (Glc). When required, oral glucose tolerant tests (OGTT) were performed. Diabetes (DM) was defined by a history of DM with current use of antidiabetic medication or fasting Glc C 7 mmol/L or Glc in OGTT (2 h) C 11.1 mmol/L [24] . The same standard methods were used in all laboratories, and biochemical assays were performed using Olympus autoanalyzers according to the manufacturer's protocol.
Statistical analysis
The normality of the data distribution was assessed using the Kolmogorov-Smirnov test. Values are presented as median [interquartile range (IQR], mean (SD) or percentage [confidence interval (CI)] as appropriate. Comparisons were performed with the Student's t test, Mann-Whitney U test and chi-squared test for normally, nonnormally distributed and categorical variables, respectively. Binary logistic regression was used to assess the independency of the association of various variables with the prevalence of HT in RA, OA and all patients. P values \ 0.05 (twotailed) were considered significant. All statistical analyses were performed using SPSS 17.0 software (SPSS Inc., Chicago, USA). The adjustment of HT prevalence for age and BMI was made according to [25] .
Results
Characteristics of RA and OA patients (Table 2) The proportion of female patients was higher than that of men in both the RA and OA groups. In comparison with OA, RA was characterized by younger age, a lower proportion of elderly patients, a longer duration of the disease, a higher proportion of smokers (ever and current), lower BMI and WHR, a lower proportion of overweight/ obese patients, similar VASP and VASGH, and lower proportions of dyslipidemic and DM patients.
Laboratory investigations showed higher plasma CRP concentrations and ESR, and lower Chol, TC and Glc plasma concentrations in the RA group. HDL, LDL and plasma creatinine concentrations were similar in both groups of patients.
Prevalence of HT in RA and OA patients (Table 3) The prevalence of HT was lower in the RA group than in the OA group. However, when the results were adjusted for age and BMI, the prevalence was similar in both groups. Also, HT prevalence in RA and OA 55-70-year subgroups was similar.
The proportion of patients with a history of HT was lower in the RA group than in the OA group. The prevalence of newly discovered HT was similar in RA and OA, but newly discovered HT comprised a higher fraction of actual HT in RA than in OA patients. The rate of uncontrolled HT, expressed as fraction of treated HT, was similar in the RA and OA groups.
In both RA and OA, the prevalence of HT was higher in the elderly and overweight/obese patients than in patients under 65 years of age or with BMI values \ 25. When RA and OA patients less than 65 years of age were sorted according to both age and BMI, the prevalence of HT was higher in overweight/obese patients than in those with BMI values \ 25. In the elderly, this difference was smaller and statistically insignificant.
Taking the cutoff value for CRP concentration of 5 mg/L, the prevalence of HT was higher in the RA subgroup with higher CRP concentration than in that with lower concentration. In the OA there was no such difference.
In both RA and OA patients, the prevalence of HT was higher in DM than in nondiabetic patients. Upon comparing RA and OA, the prevalence of HT in DM was similar in both groups and that in nondiabetics was higher in the latter group than in the former group. Regarding smoking habit, HT prevalence was higher in nonsmoker and ex-smokers than in current smokers in both groups.
The HT prevalence was similar in NSAIDs users and nonusers in both the RA and OA groups. In RA group, there was no difference in HT prevalence between Results are expressed as percentages (95 %CI) of prevalence RA rheumatoid arthritis, OA osteoarthritis, HTn/N prevalence of hypertension in RA or OA patients, HTn number of hypertensive patients, N number of the patients in the group, CI confidence interval, BMI body mass index, HT hypertension, HTn/n prevalence of hypertension in a subgroup of patients, HTn number of hypertensive patients in the subgroup, n number of patients in the subgroup, CRP C-reactive protein, DM diabetes mellitus, NSAID(s) nonsteroid anti-inflammatory drugs, ND not done glucocorticoid users and nonusers, but in current users the prevalence of HT was higher in those taking glucocorticoids for more than 3 months. Results regarding comparison of HT and NT (normotensive) subgroups of RA and OA patients and comparison of hypertensive RA and OA patients are shown in Online Resource table 1-S and 2-S.
Multivariate analysis
Variables that were significantly different comparing the HT and NT subgroups in RA and OA groups (see Online Resource table 1-S) were introduced in logistic regression models. The variables that were independently associated with HT presence in both, RA and OA, groups were age and BMI (see Online Resource table 2-S) . To analyze mutual contribution of these variables to HT prevalence in all patients, age and BMI as numerical variables and the disease (RA or OA) as categorical variable were introduced in a logistic regression model ( Table 4 ). The analysis indicated independent association of age and BMI with HT prevalence without contribution of features of the disease (RA or OA). From the date generated by the model, adjusted HT prevalence was calculated (Table 3) .
Discussion
The characteristics of our RA and OA patients and their differences, including a higher prevalence in females in both RA and OA, higher age in OA and a longer duration of the disease for RA and higher proportion of smokers in RA, are consistent with reported epidemiological and clinical features of the diseases, reflecting a greater increase in OA prevalence with age and a lower age of onset of RA, a strong association of BMI with OA and an association of RA with smoking [26] .
The prevalence of HT is associated with age [27] and BMI [28] , which explains the higher prevalence of HT in OA. When the results were adjusted for age and BMI, the HT prevalence in RA and OA was similar.
In comparison with others studies, the prevalence of HT in RA group is lower than that reported in a similar study of Panoulas et al. [17] . The patients in that study were older than in the present study [63.1(55-69.6) vs. 59.00(52.00-68.00) median (IQR), respectively]. Similar HT prevalence in 55-70-year RA subgroups and that in the study [17] indicates that the difference in HT prevalence between the present study and the study [17] is due to difference in age of the patients. Regarding OA, our finding is similar to that reported in one of the previous studies [7] .
The overall prevalence of HT in Croatia (44.2 %) is similar to that in other European countries [30] . When age was taken into account, only the higher prevalence of HT in OA patients under 65 years, compared with the prevalence in the general Croatian population, could be assumed (Fig. 1) . However, this indirect comparison of prevalence is rather insufficient, and investigations with proper control groups are needed.
Upon comparing the rates of the newly discovered HT, the HT treated with antihypertensive therapy and the uncontrolled HT in the present study with the rates in the general Croatian population [29] and the rates described for RA [17] , there is a lower rate for newly discovered HT ( [29] : 44.5 %; [17] : 39.4 % vs. present study: 29.9 and 18.6 % for RA and OA, respectively), a higher rate for treated HT ( [29] : 44.5 %; [17] : 60.6 % vs. present study: 75.1 and 86.0 % for RA and OA, respectively) and a lower rate for uncontrolled HT ( [29] : 85.6 %; [17] : 78.36 % vs. present study: 41.0 and 50.8 % for RA and OA, respectively). This improvement in HT screening and therapy in rheumatologic diseases is probably the result of recently increased awareness of HT prevalence in RA [17, 30] .
In both RA and OA, the association of HT with various variables follows that of HT in general (increased HT prevalence with age and BMI, association of HT with DM and with metabolic variables associated with HT) [26] (see Online Resource table 1-S) and is similar to that described for RA [17] . HT hypertension, RA rheumatoid arthritis, OA osteoarthritis, BMI body mass index Fig. 1 Prevalence (confidence interval) of hypertension in osteoarthritis (OA) and rheumatoid arthritis (RA) patients and the Croatian (HR) population in age-groups\65 and C65 years. Bars for HR were constructed using data from Erceg et al. [29] Due to the change in body composition (loss of lean body mass with an increase in fat body mass) in RA, BMI is lower for a given fat mass [31] , which should be taken into account when BMI in RA is compared with that in other conditions. Alternatively, we measured WHR, which correlates with visceral adipose tissue and CV disease risk [19] . The higher WHR in OA (all patients) indicates a higher visceral adiposity in OA than in RA. Lower BMI values and similar WHRs in HT RA versus HT OA patients may indicate an underestimation of overweight and obesity in the former group (see Online Resource table 1-S).
The prevalence of HT in subgroups defined by both age and BMI (higher in the subgroup with BMI C 25 than BMI \ 25 in patients \65 years of age and similar regarding BMI in patients C65 years of age) indicates a stronger association between age and HT than between BMI and HT.
Smoking has been shown to be a risk factor for HT in general [18] , and an association with HT in RA has been described [17] . The lack of association of smoking with HT in both RA and OA in our study might be explained by the higher age of nonsmokers versus current smokers and exsmokers in both the RA and OA groups (results not shown).
Higher values for markers of inflammation (ESR, CRP concentration) in RA compared to OA, as well as in the RA HT subgroup compared to NT RA (see Online Resource table 1-S) and higher HT prevalence in the CRP [ 5 mg/L than in the CRP \ 5 mg/L RA subgroup, show a higher grade of systemic inflammation in RA than in OA and an association of HT with degree of systemic inflammation in RA, respectively. This association was rather weak because it was not expressed in the multivariate analysis (Online Resource table 2-S), and there was no association between disease activity and HT assessed by the DAS28-CRP (see Online Resource table 1-S). In a retrospective study, an association between CRP concentration and HT was shown in RA [2] , whereas no association of HT with either CRP or DAS was found in the cross-sectional study [17] . A causative role of systemic inflammation in the pathogenesis of HT in RA was proposed, but there was no conclusive evidence for that hypothesis [3, 17] . Cross-sectional studies with one point of measurement for inflammatory markers and HT, such as this study and that reported in [17] , are not adequate to answer questions regarding the duration of disease, and future longitudinal studies are essential.
Antirheumatic therapy may provoke HT or interfere with its control, particularly in the case of NSAIDs used for the treatment of OA [11] and RA and for various DMARDs and GCs used to treat RA [3] . Our results, which showed no association of HT with NSAID use in RA and OA and an association of HT with leflunomide use (see Online Resource table 1-S) and with the duration of GC use in RA, were similar to the findings of others for RA [17, 32] .
Finally, age and BMI were the only variables that were independently associated with HT in both the RA and OA (see Online Resource table 2-S) and in all patients (RA and OA). However, age and BMI, which are higher in OA than in RA, act as confounding variables that may obscure the association of other variables with HT, particularly systemic inflammation [33] , and the influence of these variables could not be excluded.
Confounding effect of age and BMI has to be taken into account when comparing HT prevalence between RA and OA with other conditions in order to avoid erroneous conclusions.
In conclusion, this cross-sectional study has shown a robust association of age and BMI with HT prevalence in both RA and OA. The difference in HT prevalence between RA and OA is rather due to age and BMI than due to features of the disease, putting into question specific association between HT and RA [3] .
Indirect comparison showed that HT prevalence in RA in our study was similar to the Croatian general population. For OA, HT prevalence was higher than that of the Croatian general population under 65 years and similar to that over 65 years.
